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(57) Abstract: An appliance controller suitable for controlling a heating appliance (e.g., gas-fired water heating apparatus) having 
a distributed control system. The distributed control system includes a host computer and one or more heating control units. In 
accordance with a preferred embodiment, each heating control unit takes the form of an ignition control for controlling operation 
of a gas-fired burner for a multi-stage boiler. The appliance controller also includes a fault isolation system for isolating the source 
of a malfunction, and providing service personnel with status information regarding components of the apphance. The appliance 
controller is adapted to provide variable output signals for adaptive control of some appliance components, such as a blower or a 
circulation pump. 
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Field of Invention 

The present invention relates generally to an appliance controller, and more 
particularly relates to a distributed appliance control system including a system for fault 
isolation. 

Background of the Invention 
Prior art appliance control systems, such as those for gas-fired water heating _ 
appliances, have not provided users of the appliance with systems which are simple and 
convenient to maintain, repair, customize and upgrade. In this regard, prior art appUance 
control systems have not provided modularity in their design which would facilitate 
maintenance, repair, customization and upgrade of the control system., Moreover, these 
prior art systems have not provided detailed diagnostics which lead service technicians to 
the source of a malfunction in the control system or the appliance being controlled. These 
drawbacks to prior art control systems are particularly evident in relatively complex 
appliances such as multi-stage boilers, which include a plurality of burner chambers and 
burners. 

The present invention addresses these and other drawbacks of prior art appliance 
control system designs to provide a control system which has a greater degree of simplicity 
and convenience with regard to appliance maintenance, repair, customization, upgrade and 
operation. 

Summary of the Invention 

According to the present invention there is provided an apphance controller for 
controlling an associated gas appUance having at least one gas-fired bumer means, the 
appliance controller comprising: one or more ignition control means, each ignition control 
means controlUng ignition of an associated gas-fired bumer means; a host computer for 
controlling operation of the one or more ignition control means; and a communications 
medium for facilitating communication between the host computer and the one or more 
ignition control means. 
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In accordance with another aspect of the present invention there is provided an 
appliance controller for controlling an associated gas appliance having at least one heating 
means, the appliance controller comprising: one or more heat control means, each heat 
control means controlling activation and deactivation of an associated heating means; a 
host computer for controlling operation of the one or more heat control means; and a 
commmiications medium for facilitating communication between the host computer and 
the one or more heat control means. 

In accordance with yet another aspect of the present invention there is provided a 
method for isolating a fault condition of an appUance, comprising the steps of: receiving^ 
status information indicative of the state of a plurality of components of the appliance; 
inputting the status information in parallel into a shift register; outputting the status 
information from the shift register in serial; receiving the output status information into a 
processing means; evaluating the received status information to determine if a fault 
condition exists; and displaying a signal indicative of the fault condition. 

In accordance with yet another aspect of the present invention, there is provided an 
appliance controller for controlling an associated gas appliance having at least one gas- 
fired bumCT means, the appliance controller comprising: a control means for controlling 
ignition of an associated gas-fired burner means; and a blower for blowing air into a 
combustion chamber, wherein said blower has at least two different operating speeds, said 
operating speed detemiined by said control means. 

An advantage of the present invention is the provision of an appliance control 
system having distributed subsystems. 

Another advantage of the present invention is the provision of an appUance control 
system having a modular design which facilitates customization, maintenance, repair, and 
upgrade of the control system. 

Still another advantage of the present invention is the provision of an apphance 
control system which is simple and convenient to customize, maintain, repair, and upgrade. 
Yet another advantage of the present invention is the provision of an appliance control 
system having a modular design which facilitates customization, maintenance, repair, and 
upgrade of the control system. 

Still other advantages of ttie invention will become apparent to those skilled in the 
art upon a reading and understanding of the following detailed description, accompanying 
drawings and appended claims. 
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Brief Description of the Drawing s 

The invention may take physical form in certain parts and arrangements of parts, a 
preferred embodiment and method of which will be described in detail in this specification 
and illustrated in the accompanying drawings which form a part hereof, and wherein: 

Fig. 1 is a block diagram of a water heating system including the appliance control 
system of the present invention; 

Fig. 2 is a detailed block diagram of the appliance control system, according to a 
preferred embodiment of the present invention; 

Fig. 3 is a detailed block diagram of a host computer system, according to a _ _ 
preferred embodiment of the present invention; 

Fig. 4 is a detailed block diagram of an ignition control, according to a preferred 
embodiment of the present invention; and 

Fig. 5 is a schematic diagram of a data input interface, according to a preferred 
embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

It should be appreciated that while a preferred embodiment of the present invention 
is described with particular reference to an appliance control system for controlling a gas- 
iBred water heating device, the present invention is contemplated for use with other 
appliances, including those which generate heat using electricity, a heat pump, oil and the 
like. In addition, the gas-fired heating appliance may use a variety of suitable ignition 
systems, including standing pilot ignition, spark ignition and hot surface ignition. 
Moreover, it should be understood that the term hot water heater generally refers to a water 
heating device for heating potable water, while the term "boiler" generally refers to a water 
heating device for heating process water (e.g., water for industrial and space heating 
applications). For purposes of the present appUcation, the terms "hot water heater" and 
"boiler" Avill be used interchangeably to refer to a water heating device. 
Referring now to the drawings wherein the showings are for the purposes of illustrating a 
preferred embodiment of the invention only and not for purposes of limiting same, Fig. 1 
shows a block diagram of a water heating system 2. Water heating system 2 is generally 
comprised of a boiler 10, a tank 20, and a controller 30 which includes a host computer HC 
and a pluraUty of ignition controls ICl, IC2, and ICS. Boiler 10 includes a heat exchanger 
and a plurality of burner chambers BCl, BC2 and BC3. Each burner chamber houses a 
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burner Bl, B2, B3 which is respectively controlled by ignition controls ICl, IC2 and IC3. 
Water heated by boiler 10 is stored in tank 20, in accordance with one embodiment of the 
present invention. In turn, tank 20 provides a hot water supply. A boiler inlet temperature 
probe 32 (located near the inlet 12 of the boiler heat exchanger), a boiler outlet temperature 
probe 34 (located near the outlet 14 of the boiler heat exchanger) and a remote or tank 
temperature probe 22 provide temperature data to host computer HC for controlling 
ignition controls ICl, IC2 and IC3. Ignition controls ICl, IC2 and IC3 are preferably 
daisy-chained to each other, and share a communications bus, which acts as a 
communications medium. It should be appreciated that in some applications tank 20 may^ 
not be used (e.g., a space heating application). In such cases, tank temperature probe 22 is 
located at a suitable remote location. Controller 30, and operation thereof, will be 
described in further detail below. 

It should be appreciated that while the present invention will be described with 
reference to a three-stage boiler, the present invention is suitable for use in connection with 
a boiler having a multiple number of stages, hi this regard, it is noted that the number of 
boiler stages will typically depend upon a heating ^pliances' BTU rating. For boilers 
havmg fewer than three stages, fewer ignition controls are needed. In the case of boilers 
having more than three stages, additional ignition controls are utilized. 

Referring now to Fig. 2, there is shown a detailed block diagram of controller 30, 
according to a preferred embodiment of the present invention. It should be appreciated that 
while the illustrated embodiment shows a water heating system having three burners, the 
present invention is applicable to water heating systems having any number of bumers. 
Controller 30 is generally comprised of host computer HC and ignition controls ICl, IC2 
and IC3, which are in communication with host computer HC. Host computer HC is 
responsible for such items as sequencing the stages of the boiler, limit switch sensing, high 
Umit safety circuit, inlet, outlet and tank temperature sensing, and remote thermostat. Host 
computer HC outputs control such items as an alarm, a power vent, a circulation pump, IRI 
gas valves and power for a low water cut-off device. It should be understood that ignition 
controls ICl, IC2 and IC3 are preferred heating control units. In this regard, where heating 
is provided by an electric heating element, heating control units suitable for an electric 
heating element are utilized. 

Host computer HC is shown in greater detail in Fig. 3. In this regard, host 
computer HC is generally comprised of a microcontroller 40, analog multiplexer (MUX) 
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36, an optional realtime clock 38, a data input interface 42, a power supply 60, and a data 
output interface 62, a &st communication interface 82, a second communication interface 
84, and a display unit 90. Host computer HC fiirflier comprises a configuration switch 44, 
limit switches 46, opto-isolator circuit 50, and user input selector switches 48, which 
communicate with microcontroller 40 via data input interface 42. In addition, host 
computer HC includes a relay driver 64 and output relays 66. Relay driver 64 is in 
communication with data output interface 62. 

In accordance with a preferred embodiment, microcontroller 40 takes the form of a 
processor, such as an ST62T30 or ST6225B processor from SGS Thompson. It should b£ 
understood that other types of microprocessors or discrete processing circuits can be 
substituted for microcontroller 40, including processors with significantly greater 
processing power. Since a preferred embodiment of the present invention divides host 
computer tasks and ignition control tasks between a plurality of processors, each processor 
used can be relatively simple and ine3q)ensive. 

Microcontroller 40 controls multiplexer 36 to selectively ou^ut an analog signal 
firom one of: inlet probe 32, outlet probe 34 and tank probe 22. The output analog signal is 
converted to a digital value using an A/D converter internal to microcontroller 40. Inlet 
probe 32 provides a signal indicative of the water temperature at the inlet of boiler 10, 
outlet probe 34 provides a signal indicative of the water temperature at the outlet of boiler 
10, while remote or tank probe 22 provides a signal indicative of the temperature of the 
water stored in tank 20. In accordance with a preferred embodiment of the present 
invention, the probes 32, 34 and 22 include a thermistor (e.g., lOKQ @ 25°C) located in an 
immersion probe housing. 

A power supply circuit 60 provides an appropriate supply voltage to 
microcontroller 40. 

First communication interface 82 provides I/O for communication between 
microcontroller 40 and the ignition controls ICl, IC2 and IC3. According to a preferred 
embodiment of the present invention, first communication interface 82 preferably takes the 
form of a serial I/O port, such as an RS-485 compatible interface (which operates in a half- 
duplex manner), an RS-232 compatible interface, or an RS-422 compatible interface. 
Microcontroller 40 "talks" to each ignition control by addressing each one individually. In 
this regard, each ignition control has a unique address. It should be appreciated that in 
accordance with a preferred embodiment, host computer HC will "lockout" controller 30 in 
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the event that communication is lost with any ignition control ICl, IC2 and ICS. It should 
be understood that a "lockout" of controller 30 results in removal of power from the gas 
valve relays associated with the IRI gas valve (IGVl and IGV2), as well as the gas valve 
relays associated with the gas valves of each burner stage (i.e., GVl, GV2, and GV3). A 
"lockout" requires a reset action by an operator, such as activation of an ENTER/RESET 
button. 

Second communication interface 84 provides I/O communication between 
microcontroller 40 and an optional remote computer 4, a modem, or other device. Remote 
computer 4 can be used to monitor operations or reprogram microcontroller 40. According 
to a preferred embodiment of the present invention, second communication interface 84 
takes the form of a serial I/O port, such as an RS-232 compatible interface, an RS-485 
compatible interface, or an RS-422 compatible interface. It should be appreciated that 
remote computer 4 may be a computer that communicates with microcontroller 40 via a 
computer network, such as the Ihtemet. 

It should be understood that in a preferred embodiment of the present invention, 
first and second communication interfaces 82, 84 share the UART of microcontroller 40. 
However, first communication interface 82 is given higher priority in using the UART so 
that CTitical communications between host computer HC and the ignition controls are not 
interrupted. 

As indicated above, a plurality of switches are input to microcontroller 40, 
including configuration switch 44, limit switches 46, and user ixsput selector switches 48. 
Configuration switch 44 and user input selector switches are directly input to data input 
interface 42, while limit switches are input to data input interface 42 via opto-isolator 
circuit 50. 

Configuration switch 44 preferably takes the form of a dip switch having a plurality 
of inputs. The dip switches of configuration switch 44 are set to select system parameters, 
such as the number of burner stages, the niunber of trials for ignition, whether signals 
generated by inlet probe 32 or tank probe 22 are used to give the call for heat, whether an 
external thennostat is coimected, a selected maximum setpoint temperature for the boiler 
outlet before shutdown of controller 30 is initiated, a selected maximum setpoint 
temperature, and whether display unit 90 displays temperatiure values in degrees Fahrenheit 
or Celsius. It should be appreciated that in an alternative embodiment, jumpers could be 
used to replace the dip switches. 
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Limit switches 46 include a high limit switch, a low water cutoff switch (LWCO), a 
circulation pump flow switch, air pressure switches associated with each burner, a power 
vent switch, a blocked flue switch, a low gas switch, a high gas switch associated with each 
burner, and an IRI gas valve switch. Limit switches 46 form a limit string, as well known 
to those skilled in the art, and are also connected to fault isolation circuitry (described 
below). In this regard, a fault occurring on any single limit switch is identified and 
reported by host computer HC for field diagnostic purposes. Accordingly, the limit 
switches are connected to fault isolation circuitry in parallel rather than series, as will be 
described in detail below. _ 

The intent of a limit string is to provide a means of interrupting power to the main 
gas valve (or alternatively other heating element, such as electric heating coil and the like) 
in the event of an unsafe operating condition. Accordingly, the Umit string requires that a 
series of conditions be trae (evidenced by closed limit switches) before a voltage (e.g., 
24VAC) is applied to open IRI gas valves IGVl and IGV2. Accordingly, the limit string 
provides a safety link for applymg 24VAC or 120VAC to: (a) the IRI gas valve contactor 
which opens IRI gas valves IGVl and IGV2, and (b) the gas valve relays which open gas 
valves GVl, GV2 and GV3 associated with each stage burner . It should be understood 
that IRI gas valves IGVl and IGV2 act as redundant main gas valves, and thus control the 
flow of gas to gas valves GVl, GV2 and GV3, associated with each stage burner. 

A typical limit string 122 includes such items as (including but not limited to): a 
fiise; an ECO relay switch; a circulation pump flow switch; a blocked flue switch; an IRI 
gas valve relay switch; burner gas valve relay switches; a blower pressure switch, a low gas 
pressure switch, a high gas pressure switch and a blocked blower inlet switch, as well as 
other switches responsive to various operating conditions. 

Limit switches 46 are comiected to data input interface via opto-isolator circuit 50. 
Opto-isolator circuit 50 includes a contact conditioning circuit, and opto-isolators. The 
opto-isolators level shift the limit switch inputs (e.g., from 24VAC to 5VDC), provide 
noise isolation, and extend the sample time for detecting the status of the limit switches. 
The high limit switch includes a high limit thermostat that resides in an iromersion probe 
located at the outlet of boiler 10. The high lunit thermostat is calibrated to open at a 
predetermined "high-limit" temperature (e.g., 118 ^C). It is noted that bi-metallic switches 
typically have a temperature resolution of approximately +/- y C. According to a 
preferred embodiment the high limit thermostat takes the form of a bi-metallic switch. The 
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bi-metallic switch opens in response to sensing a temperature which exceeds its rated 
temperature (i.e., high-limit temperature). When the bi-metallic SAvitch opens, a 24VDC 
supply is removed from a coil of a relay switch, causing the relay switch to open. 
Consequently, controller 30 enters a lockout condition. 

The low water cutoff switch (LWCO) indicates whether the water level in the 
manifold of the boiler heat exchanger is below a predetermined level. The state of this 
switch is indicative of whether there is an appropriate volume of water in the manifold of 
the heat exchanger. Typically, the low water cutoff switch is located in close proximity to 
boiler outlet temperature probe 34. _ _ 

The circulation pump flow switch is used to verify that there is water flow inside 
the heat exchanger of boiler 10. Accordingly, the circulation pump flow switch is located 
at boiler outlet 14 to detect the flow of water when the circulation pump has been activated. 
The power vent switch proves that a power vent associated with the flue has been 
activated. It should be understood that the power vent assists in expelling combustion 
gases through the flue. 

Each air pressure switch is used to verify that the combustion blower is generating 
pressure in the respective bumer chamber, when the combustion blower is activated. 
Accordingly, the air pressxire switches respond to the pressure in respective bumer 
chambers. 

The blocked flue switch is a pressure switch which responds to the pressure in the 
flue. Accordingly, the blocked flue switch will open in response to a blocked flue. 
The low gas pressure switch responds to the pressure of the gas on the line side of gas 
valves GVl, GV2, and GV3 (or altematively, the line side of IRI gas valves IGVl and 
IGV2), while each of the high gas pressure switches respond to the pressure of the gas on 
the bumer side of the respective bumer gas valve. The low and high gas pressure switches 
are respectively adapted to respond to low and high gas pressure thresholds. Accordingly, 
the low gas pressure switch opens ia response to a low gas pressure in the gas line, while 
the high gas pressure switches open in response to a high gas pressure in the gas line. 
The IRI gas valve switch indicates whether the IRI gas valves are functioning (i.e., proof of 
closure switch). 

It should be further noted that an extemal thermostat 24 input is optionally input to 
microcontroller 40 via opto-isolator circuit 50 and data input interface 42. Typically, 
extemal thermostat 24 takes the form of a bi-mettalic device wherein a temperature drop 
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below a predetermined threshold closes the contacts. The external thermostat is typically 
used in a space heating application to provide an indication of ambient temperature. 

User input selector switches 48 are used to by the operator to select parameters to 
adjust or display, adjusting a user programmable parameter, saving newly entered 
parameters, reset the control when a controller "lockout" occurs, and the like. In 
accordance with a preferred embodiment, switches 48 take the form of a plurality of 
momentary contact pushbutton switches, including an ADJUST, a SELECT, and an 
ENTER/RESET pushbutton switches. 

Data input interface 42 provides a interface for inputting data to microcontroller 40 
(Fig. 5). In accordance with a preferred embodiment, data input interface 42 includes a 
plurality of 8-bit parallel-to-serial shift registers SI, S2 and S3. The parallel inputs to the 
shift register include output signals from configuration switch 44, output signals from opto- 
isolation circuit 50, which indicates the state of each of the limit switches 46, and output 
signals from user input selector switches 48. It should be understood that the number of 
shift registers may vary depending upon the number of iiq)Uts and the size of the shift 
registers. 

As mentioned above, limit switches 46 are connected to fault isolation circuitry, so 
that a fault occurring on any single limit switch can be identified and reported by host 
computer HC for field diagnostic purposes. In this regard, data input interface 42 and 
microcontroller 40 provide fault isolation circuitry. To this end, shift registers SI, S2, and 
S3 clock the state of limit switches 46 into microcontroller 40. It should be appreciated 
that in an alternative embodiment the limit switches can be input in parallel to the 
microcontroller, where sufficient inputs are available. The shift registers of the preferred 
embodiment are used to minimize the need for numerous data inputs in microcontroller 40. 
Microcontroller 40 is programmed to continuously scan the state of limit switches 46 to 
determine whether they are in the proper state during all phases of an ignition control 
cycle. In accordance with a preferred embodiment, a 3-byte word is input to 
microcontroller 40. The status of each of the bits is evaluated (e.g., by comparison to 
values stored in a look-up table indicative of various operating states) to determine whether 
the status of the associated component is appropriate for the current operating state (e.g., 
call-for-heat/pre-circulate, pre-purge, warm-up, trial for ignition, heating, post purge, and 
post circulate). Set forth below is a list of exemplary fault conditions and corresponding 
error codes generated by microcontroller 40. 
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J1/X\X\>V/JCV 

CODE 


Communication Fault - Stage 1 


Uul 


CommuDication Fault - Stage 2 


002 


Communication Fault - Stage 3 


00"^ 


ECO/High Lumt 


010 

UlU 


No Gas Valve Power Sensed - Stage 1 


01 1 


No Gas Valve Power bensea - btage i 


01 9 


No Gas Valve Power bensea - otage 3 


01 *X 


LWCO 


090 


Circulate Fault (Flow bwitcn; 


0^0 


Insumcient Air (Air Pressure bwitcnj - otage i 


OA1 


Insufficient Air (Air Pressure bwitcn; - otage z 


049 


Insumcient An (An: Pressure owiicnj - oiage d 


OA^ 


Blocked Flue 




Power Vent 


070 


Igniter Failure - Stage 1 


0R1 


Igniter Failure - Stage 2 


089 


Igniter Failure - Stage 3 




Low Ga3 Failure 


OQO 

\)y\j 


High-Gas Failure - Stage 1 


101 


High-Gas Failure - Stage 2 


1 09 
lUZ 


High-Gas Failure - Stage 3 


1 0^ 


Gas Valve Relay Failure - Stage 1 


111 
111 


rra<: Vfllvp "Rplav Failure - Stae^e 2 


112 


Gas Valve Relay Failure - Stage 3 


113 


Flame Failure - Stage 1 


121 


Flame Failure - Stage 2 


122 


Flame Failure - Stage 3 


123 


Probe Faults - Outlet Probe 


131 
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Probe Faults - Inlet Probe 


132 


Probe Faults - Remote/Tank Probe 


133 


IRI Gas Valve Failure 


140 


Microc5ontroUer Fault 


210 



It should be appreciated that the data input to microcontroller 40 concerning the 
state of the limit switches, allows for identification of the specific component which is the 
source of the malfunction. By reporting the identified malfunctioning component to the 
operator using display unit 90, service technicians can quickly make repairs. — 
Realtime clock 38 provides a time signal to microcontroller 40 so that microcontroller can 
be conveniently programmed to operate water heating system 2 according to a timer 
schedule. For instance, controller 30 could be set to operate in different modes during 
evening or weekend hours, or during holiday and vacation periods. 

Display unit 90 may take numerous suitable forms, including LED, LCD and CRT 
displays. In accordance with a preferred embodiment, display unit 90 includes a plurality 
of multi-colored LEDs, including a four digit, seven segment LED display that indicates 
inlet temperature, outlet temperature or tank temperatures, setpoint temperatures and 
setpoint differentials, error codes, cycle counts, post-circulation pump time, and last error. 
Display unit 90 further includes a plurality of discrete LEDs which illuminate to 
communicate information identifying stages, providing diagnostics, and acting as system 
indicators. More specifically, the "diagnostic" LEDs may indicate such items as ECO 
failure, flame failure, igniter failure, insufficient air, blocked flue, probe failure, circulate 
failure, gas valve failure, high gas failure, low gas failure, low water cut-off, and power 
vent failure. The "indicator'' LEDs are provided to identify the display of such items as 
inlet water temperature, outlet water temperature, stage setpoint temperature, stage setpoint 
differential, and standby. It should be appreciated that the use of LEDs as described above 
is merely for illustrating a prefenred embodiment, and is not intended to limit the type of 
suitable display units. 

Microcontroller 40 controls output relays 66 by outputting data via data output 
interface 62 and relay driver 64. In accordance with a preferred embodiment, data output 
interface takes the form of a serial-to-parallel shift register. As data bits are latched in the 
shift register outputs, relays controlling such items as an alarm, a power vent, a circulation 
pump, and IRI gas valves IGVl, IGV2, are tumed on and off at the appropriate times. 
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Turning now to Fig. 4, ignition control ICl will be described in detail. It will be 
appreciated tiiat the other ignition controls IC2, IC3 (and any necessary additional ignition 
controls) are similarly configured. In general, ignition controls are responsible for 
controlling associated combustion blowers, hot surfece igniters (HSI), and gas valves. 
Moreover, each ignition control is capable of monitoring gas valve power, gas valve relay, 
flame sense and igniter current. 

Ignition control ICl is generally comprised of a microcontroller 1 10, a 
communication interface 1 82, gas valve relays (burner and redundant) 130, a gas valve 

power sensor circuit 132, a gas valve relay sensor circuit 134, an igniter current sensor 

circuit 120, a flame sensor circuit 122, and power supplies 160. 

In an accordance with an alternative embodiment of the present invention, the 
ignition controls may be operated separately and independently from host computer HC. 
In this embodiment, ignition control ICl also includes an ECO/first temperature probe 1 12, 
a second temperature probe 1 14, a ECO switch sensor circuit 1 16, a pressure switch sensor 
142, a remote thermostat/ IRI provmg switch 144 and a flow/pressure/tach signal 146. 
Tach signal 146 provides feedback from a variable speed motor used in connection witii 
the combustion blower. 

In accordance with a preferred embodiment, microcontroller 110 takes the form of a 
processor, such as an ST62T30 or ST6225B processor from SGS Thompson. It should be 
understood that other types of microprocessors or discrete processmg circuits can be 
substituted for microcontroller 1 10, including processors witii significantly greater 
processing power. As mentioned above, since a preferred embodiment of the present 
mvention divides host computer tasks and ignition control tasks between a plurality of 
processors, each processor used can be relatively simple and inexpensive. 

Communication interface 182 provides I/O for communication between 
microcontroller 110 and host computer HC. According to a preferred embodiment of the 
present invention, communication interface 182 takes the form of a serial I/O port, such as 
an RS-485 compatible interface (which operates in a half-duplex manner), an RS-232 
compatible interface, or an RS-422 compatible interface. In accordance with a preferred 
embodiment, each ignition control has a unique address. Accordingly, microcontroller 110 
will take control of the communications bus and transmit when instnicted by host computer 
HC. It should be understood that m a preferred embodiment, the ignition controls ICl, IC2 
and IC3 are daisy-chained. 
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Gas valve power sensor circuit 132 senses whether power (e.g., 24VAC) is being 
provided to the relay contacts of the respective gas valve GVl . In accordance with a 
preferred embodiment of the present invention, power is sensed through a resistor. 
Accordingly, an appropriate 'digital' voltage is input to microcontroller 110. If no power is 
sensed, then microcontroller 110 will cause a "lockout" of controller 30. As indicated 
above, "lockout" of controller 30 results in removal of power from the gas valve relays 
associated with the IRI gas valves (IGVl and IGV2), as well as the gas valve relays 
associated with the gas valves of each burner stage (i.e., gas valves GVl, GV2, and GV3). 
Gas Valve GVl is preferably powered by a pair of relays. The first relay switches the gas_ 
valve OPEN/CLOSED, while the second relay merely provides redundancy. Gas valve 
relay sensor circuit 134 senses the state of the first relay, and provides status information to 
microcontroller 1 10. In accordance with a preferred embodiment of the present invention, 
activation of the first relay is sensed through a resistor. Therefore, an appropriate 'digital' 
voltage is input to microcontroller 1 10. In this manner, microcontroller 1 10 can verify and 
monitor the state of the first relay. Accordingly, microcontroller 1 10 may be programmed 
to "lockout" controller 30 if the relay contact in not in the proper position in a particular 
control state. 

In accordance with a preferred embodiment, a 120 VAC or 24 VAC igniter is 
energized by hot surface igniter relay 1 70. It should be appreciated that the present 
invention is also suitably used in connection with other types of ignition systems, including 
standing pilot and spark ignition systems. 

Igniter current sensor circuit 120 proves the presence of a "hot" surface igniter by 
validating the igniter current flowing therethrough. If inadequate igniter current is sensed 
prior to opening the respective gas valve GVl, microcontroller 110 will not allow the 
associated gas valve relays 130 (including burner and redundant relays) to energize. 
Consequently, gas valve GVl will not open. This prevents the buildup of gas which could 
cause an explosion when ignited by the igniter. In accordance with a preferred 
embodiment, microcontroller 1 10 is programmed to attempt a predetermined number of 
trials (e.g., 1 or 3 trials) for sufficient igniter current. If sufficient current is not sensed 
during one of the trials, controller 30 will "lockout." Controller 30 will also "lockout" if 
igniter current is sensed during a control state when there should be no igniter current. 
In accordance with a preferred raibodiment, igniter current sensor circuit 120 preferably 
uses a current sense transformer. In this regard, igniter current passes through the 
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transformer primary winding. Current induced into the transformer secondary winding 
generates a voltage across a burden resister, which is amplified and scaled (e.g., 1 V/Amp) 
by an op-amp circuit This scaled output voltage is input to microcontroller 110, which 
performs an analog-to-digital conversion. If the scaled output voltage is less than a 
predetermined value (e.g., 2.7 volts), microcontroller 110 determines that there is 
inadequate igniter current. It should be appreciated that the digitized scaled output voltage 
may also be displayed to the operator on display unit 90 for use as a diagnostic tool and 
igniter performance indicator. 

Flame sensor circuit 122 receives input from a flame sense rod, which is a probe ^ 
located in the gas flame of the respective burner. The flame sense rod preferably detects 
the presence of a flame using a well known technique referred to as *'flame rectification." 
In accordance with a preferred embodiment of flame sensor 122, a capacitor is charged by 
an op-amp circuit during the first half of a charge/discharge cycle, and is discharged by 
flame rectification during the second half of the charge/discharge cycle. The average 
current resulting from this charge/discharge cycle is what is measured as the flame current 
by flame sensor circuit 122. Microcontroller 1 10 is prognunmed to constantly monitor the 
flame current. If microcontroller 110 determines that there is insufficient flame current 
during a "heat mode," the ignition control ICl will begin another attempt to light gas until 
a predetermined number of ignition trials (e.g., 1 or 3 trials) are completed. Moreover, 
ignition control ICl will "lockout" if adequate flame current has not been sensed, or if 
flame current is sensed during a control state when flame current should not exist. 

In accordance with a preferred embodiment, power supplies 160 includes three 
regulated power suppUes, which respectively provide +24VDC, +15VDC and +5VDC. 
Microcontroller 110 controls the state of combustion blower CBl through a combustion 
blower relay 172 and controls the state of the recirculation pump through a recirculation 
pump relay 174. 

In accordance with a first alternative embodiment, combustion blower CB 1 ^ 
operates at two speeds, namely low speed and high speed. Microcontroller 1 10 (or 
microcontroller 40) controls the operating speed. At ignition (i.e., while the respective hot 
surface igniter is activated), combustion blower CBl is operated at the low speed. At other 
times, combustion blower CBl is operated at high speed. Therefore, combustion blower 
CBl shifts to low speed at ignition, and once ignition is completed (e.g., when an 
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appropriate flame is sensed), combustion blower CBl resumes operation at high speed. 
The foregoing operation facilitates ignition under lean mixture conditions. 
In accordance with another alternative embodiment of the present invention, 
nodcrocontroller 110 controls operation of combustion blower CBl using a variable output 
signal (e.g., a pulse width modulation (PWM) output signal). In this alternative 
embodiment, the variable output signal provides ad^tive control of combustion blower 
CBl, which may take the form of a variable-speed combustion blower. Likewise, 
microcontroller 1 10 (or microcontroller 40) may provide a variable output signal for 
adaptive control of other items such as a variable-speed circulation pump, and/or variable^ 
gas valve. These variable output signals provide a range of values, rather than just an ON 
and OFF value. Moreover, the microcontrollers may receive inputs from pressure and/or 
flow transducers, which provide feedback information from the combustion blower, pump 
and/or gas valve. This feedback information is used by the microcontrollers to modulate 
the output control signals. 

As indicated above, in an alternative embodiment of the present invention, the 
ignition controls may be used separately and independently from host computer HC. 
Accordingly, an ECO probe/first probe 112 may be used to provide temperature 
information indicative of water temperature at the inlet to a heating chamber, while second 
probe 1 14 may be used to provide temperature information indicative of water temperature 
at the outlet of a heating chamber. Probes 1 12 and 1 14 preferably take the form of a 
thermistor. 

. Furthermore, in accordance with fliis altemative embodiment, the ECO probe is 
located at the first probe to sense a high-limit temperature. ECO sv^itch sensor circuit 116 
evaluates the data received from the ECO probe, and operates independently of 
microcontroller 1 10. In this regard, ECO switch sensor circuit 116 includes circuitry for 
determining whether the temperature has exceeded a 'Tiigh limit" temperature (e.g., 250 
degrees F), and whether there is an open ECO probe (fault condition). When this condition 
is sensed, ECO switch sensor circuit 1 16 causes all gas valve relay switches to open, which 
in turn closes gas valves IGVl, IGV2, GVl, GV2, and GV3. ECO switch sensor circuit 
1 16 also provides a signal to microcontroller 1 10 indicative of the state of the ECO probe. 
Pressure switch sensor 142 provides a signal to microcontroller 110 indicative of the state 
of a blower pressure switch. The blower pressure switch is used to verify that combustion 
blower CBl is generating pressure in the respective burner chamber , when combustion 
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blower CBl is activated. Accordingly, the pressure switch responds to the pressure in the 
burner chamber. The blower pressure switch is closed when the pressure reaches a 
predetermined level. 

Remote thermostat 144 is optionally connected with microcontroller 110. When 
remote thermostat 144 is in use, microcontrolla: 110 looks for an external thermostat signal 
which "overrides" ("AND" function) the local setpoint temperature provided by host 
computer HC. Typically, external thermostat 144 takes the form of a bi-mettalic device 
wherein a temperature drop below a predetermined threshold closes the contacts. The 
external thermostat is typically used in a space heating apphcation to provide an indication 
of ambient temperature. 

It should be understood that each ignition control ICl, IC2, IC3 may have different 
components, since such elements as combustion blower and hot surface igniter (HSI) may 
not be needed for each burner stage. For instance, the flame generated in the first stage 
burner can be utihzed to ignite the flame in subsequent stage burners ("flame carryover"). 
Therefore, an HSI is needed only for the first stage burner. 

The invention has been described with reference to a preferred embodiment. 
Obviously, modifications and alterations will occur to others upon a reading and 
understanding of this specification. For instance, the present invention has been described 
with particular reference to a gas appUance. It is contemplated that the present invention 
may be suitably modified to control an electric appliance. It is intended that all such 
modifications and alterations be included insofar as they come within the scope of the 
appended claims or the equivalents thereof. 
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Having thus described the invention, it is now claimed: 

1 . An appliance controller for controlling an associated gas appliance having at least 
one gas-fired burner means, the appliance controller comprising: 

one or more ignition control means, each ignition control means controlling ignition of an 
associated gas-fired bumer means; 

a host computer for controlling operation of the one or more ignition control means; and 
a communications medium for facilitating communication between the host computer and 
the one or more ignition control means. 

2. An appliance controller according to claim 1, wherein each said ignition control 
means controls an ignition means for firing the associated bumer means. 

3. An appUance controller according to claim 2, wherein said ignition means is a hot 
surface igniter, each ignition control means including ignition current proving circuit 
means for establishing whether there is sufficient current for the hot surface igniter to 
ignite gas the associated bumer means. 

4. An appliance controller according to claim 1, wherein each said ignition control 
means receives flame sense data indicative of the state of a bumer fiame of the associated 
bumer means. 

5. An appliance controller according to claim 1, wherein said host computer receives 
temperature data firom a temperature sensing means, said temperature data indicative of the 
temperature of water prior to heating by the at least one bumer means, and the temperature 
of water after heating by the at least one bumer means. 

6. An appliance controller according to claim 5, wherein said temperature data is 
fiirther indicative of the temperature of water stored in an associated storage tank. 

7. An ^pliance controller according to claim 1, wherein said associated appliance is a 
boiler. 
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8. An appliance controller according to claim 1, wherein said host computer further 
comprises: 

input means for programming said controller; aad 
display means for displaying controller data. 

9. An appliance controller according to claim 1 , wherein said host computer includes 
fault isolation means for isolating the source of an appliance malfunction. 

1 0. An appliance controller according to claim 9, wherein said fault isolation means _ 
includes: 

receiving means for receiving status data indicative of the status of appliance components; 
and 

evaluation means for evaluating status data to identify the source of the appliance 
malfunction. 

11. An appUance controller according to claim 10, wherein said receiving means 
includes at least one parallel-to-serial shift register. 

12. An appliance controller according to claim 10, wherein said evaluation means 
includes a processor 

13. An appliance controller accordmg to claim 10, wherein said evaluation means 
compares the status data to data stored in a lookup table indicative of various operating 
states. 

14. An appliance controller according to claim 10, wherein said evaluation means 
controls a display means to indicate the source of the malfunction, 

15. An appUance controller according to claim 1, wherein said each of the one or more 
ignition control means are daisy-chained to each other to communicate with the host 
computer via the communication medium. 
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16. An appliance controller for controlling an associated gas appliance having at least 
one heating means, the appliance controller comprisiag: 

one or more heat control means, each heat control means controlling activation and 
deactivation of an associated heating means; 

a host computer for controlling operation of the one or more heat control means; and 

a communications medium for facilitating communication between the host computer and 

the one or more heat control means. 

17. An appliance controller according to claim 16, wherein said host computer receives^ 
temperature data from a temperature sensing means, said temperature data indicative of the 
temperature of water prior to heating by the at least heating means, and the temperature of 
water after heating by the at heating means. 

18. An appliance controller according to claim 17, wherein said temperature data is 
further indicative of the temperature of water stored in an associated storage tank. 

19. An appliance controller according to claim 16, wherein said associated appliance is 
a boiler. 

20. An appliance controller according to claim 16, wherein said host computer further 
comprises: 

input means for programming said controller; and 
display means for displaying controller data. 

21 . An appliance controller accordiag to claim 16, wherein said host computer includes 
fault isolation means for isolating the source of an appUance malfunction. 

22. An appliance controller according to claim 21, wherein said fault isolation means 
includes: 

receiving means for receiving status data indicative of the status of appliance components; 
and 

evaluation means for evaluating status data to identify tiie source of the apphance 
malfunction. 
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23 . An appliance controller according to claim 22, wherein said receiving means 
includes at least one parallel-to-serial shift register. 

24. An appliance controller according to claim 22, wherein said evaluation means 
includes a processor. 

25. An appliance controller according to claim 22, wherein said evaluation means 

compares the status data to data stored in a lookup table indicative of various operating 

states. 

26. An appliance controller according to claim 22, wherein said evaluation means 
controls a display means to indicate the source of the malfunction. 

27. An appliance controller according to claim 16, wherein said each of the one or 
more heat control means are daisy-chained to each other to communicate with the host 
computer via the communication medium. 

28. An appliance controller according to claim 16, wherein said controller further 
comprises variable output means for providing adaptive control of one or more appliance 
components. 

29. A method for isolating a fault condition of an appliance, comprising the steps of: 
receiving status information indicative of the state of a plurality of components of the 
apphance; 

inputting the status information in parallel into a shift register; 

outputting the status information from the shift register in serial; 

receiving the output status information into a processing means; 

evaluating the received status information to determine if a fault condition exists; and 

displaying a signal indicative of the fault condition. 

30. A method according to claim 29, wherein said evaluating step includes the step of 
accessing a lookup table. 
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31. An appliance controller for controlling an associated gas appliance having at least 
one gas-fired burner means, the appliance controller comprising: 

a control means for controlling ignition of an associated gas-fired burner means; and 
a blower for blowing air into a combustion chamber, wherein said blower has at least two 
different operating speeds, said operating speed determined by said control means. 

32. An appliance controller according to claim 3 1 , wherein said blower has a low speed 

and a high speed, said control means operating the blower at the low speed during an 

ignition mode, and operating at the high speed subsequent to ignition. 

33. An appliance controller according to claim 31, wherein said blower has variable 
speeds, said control means varying the speed of the blower in accordance with sensed 
conditions. 
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